Background--Recent trials have demonstrated that extended cardiac monitoring increases the yield of paroxysmal atrial fibrillation (AF) detection in patients with cryptogenic stroke. The utility of extended cardiac monitoring is uncertain among patients with stroke caused by small and large vessel disease. We conducted a meta-analysis to estimate the yield of AF detection in this population.
S
creening for atrial fibrillation (AF) is of importance in patients who have suffered a stroke, because the detection of AF typically warrants a switch from antiplatelet therapy to anticoagulation for secondary stroke prevention. [1] [2] [3] [4] [5] Approximately 10% of patients with an ischemic stroke or transient ischemic attack (TIA) will have new AF detected during their hospital admission. 6 However, AF can remain undetected during the acute hospitalization, and randomized controlled trials in cryptogenic stroke patients have shown increased rates of AF detection with long-term ambulatory cardiac monitoring. 7, 8 Most studies assessing long-term cardiac monitoring after ischemic stroke are conducted in the subset of patients with cryptogenic stroke. In this population, the yield of AF detection is %10% per year. 8 The prevalence of AF in patients with small or large vessel strokes is far less studied. We conducted a meta-analysis to estimate the yield of AF detection in patients with stroke due to small and large vessel disease and in stroke patients in whom stroke etiology was not defined (a mixture of cryptogenic, small vessel, large vessel, and other stroke etiologies).
detection of AF in stroke patients according to a prespecified protocol. We used the following search terms: "Stroke" AND any of "atrial fibrillation", "cardiac embolism", "cardioembolism", "cardiac monitoring", "telemetry", "Holter", "loop recording". We searched articles from January 1990 until June 30, 2015. References of eligible clinical studies were examined to include any missed relevant articles. Search strategy and progress is detailed in Figure 1 .
We included studies with all types of long-term cardiac monitoring and did not exclude studies based on monitoring duration, AF length definition, or interval between index event and initiation of monitoring. Studies were excluded if they were not in English, used standard 12-lead (10 s) ECG as the only detection method, included patients with previously known AF, were limited to patients with TIA, or were limited to cryptogenic stroke patients.
For each included study, data were extracted by the first author. The study type (prospective versus retrospective and monocenter versus multicenter), study population, monitoring type, monitoring duration, and monitoring interval were recorded. In the studies that defined stroke etiology, the means of classification was recorded. If multiple, sequential AF detection methods were used, the total yield of all the individual methods was extracted. Since some studies reported rate of AF without specifying the yield per technique (standard ECG or long-term monitoring), we performed a sensitivity analysis on studies that explicitly stated the yield of long-term monitoring only. We adopted the definitions for AF that were used in the individual studies.
Studies were grouped according to whether or not a presumed stroke etiology was specified. We determined detection rates of AF in patients classified by stroke etiology: small vessel etiology, large vessel etiology, and undefined etiology (the latter included studies in which stroke etiology was not investigated or not reported on; these studies therefore include a mix of cryptogenic, small vessel, large vessel, and other stroke etiologies). This meta-analysis was registered with PROSPERO (registration number CRD42016033999). Approval by the institutional review committee and subject informed consent were waived.
Statistical Methods
Summary estimates of the percentage of patients with AF for each subgroup (small vessel disease, large vessel disease, and patients with undefined stroke etiology) were calculated using a random-effects approach. 10 Individual study estimates were the arcsine-transformed proportions, to account for studies with zero events. 11 Heterogeneity between studies was quantified by the I 2 statistic and tested by Cochran's chisquare test. A random-effects meta-regression was used to compare the percentages of AF detection between groups (small vessel stroke versus large vessel stroke versus undefined etiology). Meta-regression was also used to explore to which extent study type, study population (stroke only versus stroke and TIA), and monitoring duration (more than versus less or equal to 24 hours) accounted for betweenstudy heterogeneity. The analysis was performed for each of these study characteristics separately, with group added as a fixed effect. Tukey adjustments were used for post-hoc pairwise comparisons. All analyses were performed with SAS software (version 9.2 of the SAS System for Windows, Copyright © 2002 SAS Institute Inc), using the procedure PROC MIXED and self-written code.
Results
The search yielded 25 385 results ( Figure 1 ). The meta-analysis included 30 studies 6,12-40 comprising 5687 patients (study characteristics, Tables 1 and 2 ). All included studies were cohort studies. Twenty-one studies had a prospective design* and the other 10 were retrospective studies with consecutive enrollment of stroke patients. 12, 13, 15, 23, 26, [31] [32] [33] [34] 38 Stroke etiology of included patients was not defined in 21 studies (4337 patients, Table 2 ). 6,21-40 The 9 remaining studies categorized stroke patients according to stroke subtype (1350 patients with small or large vessel stroke, Table 1 ). [12] [13] [14] [15] [16] [17] [18] [19] [20] Of those, 5 used the Trial of ORG 10172 in acute stroke treatment (TOAST) classification for allocation of stroke subtypes. 12, [16] [17] [18] 20, 41 The other 4 used expert opinion (n=1) or did not specify the classification method (n=3). [13] [14] [15] 19 Median monitoring duration ranged from 22.6 hours 32 to 504 hours 24 (Tables 1 and 2 ). Median monitoring duration in cohorts reporting on patients classified according to stroke etiology (n=1350) was 24 hours (interquartile range: 24-73).
In the 21 studies (n=4337) in which stroke etiology was not reported, the median monitoring duration was 55 hours (interquartile range: 24-75.5). Twelve studies reported an average monitoring duration of 24 hours or less. † Only 2 studies monitored patients for at least 7 days. 24, 29 None of these studies specified the stroke etiology. The interval between admission of a patient and the start of monitoring was not always specified and differed greatly between individual studies, ranging from initiation at admission 33, 39, 40 to more than 2 to 3 weeks post stroke 21 (Tables 1 and 2 ).
The definition of AF differed between studies (Tables 1 and 2 ). The mean AF detection yield was 2.4% (95% CI 0.4-6.1; Figure 2 ) in patients with small vessel stroke (n=520) and 2.2% (95% CI 0.3-5.5; Figure 3 ) in patients with large vessel disease (n=830; P for difference=0.99). The mean yield of AF detection in studies that did not define stroke etiology (n=4337) was 9.2% (95% CI 7.1-11.5; Figure 4 ). This was higher compared to patients with small vessel stroke (P=0.02) and patients with large vessel stroke (P=0.02).
Most studies either excluded patients with AF diagnosed on ECG or specified the number of patients who were diagnosed with AF based on ECG results. Six studies did not distinguish the proportion of patients diagnosed with AF on admission ECG. 12, 19, 26, 27, 32, 35 We performed a sensitivity analysis after exclusion of those 6 studies to assess AF detection yield in the subgroup of studies reporting exclusively on long-term cardiac monitoring. In this sensitivity analysis, the mean rate of AF detection was identical in patients with small vessel stroke (2.0%; 95% CI 0.0-7.5) and large vessel stroke (2.0%; 95% CI 0.0-7.9). In patients with undefined stroke etiology, the mean AF detection rate trended higher (9.3%; 95% CI 6.4-12.9), compared to patients with small vessel stroke (P=0.06) and large vessel stroke (P=0.08).
We identified considerable between-study heterogeneity, with an I 2 of 75% for studies reporting on small vessel stroke, Monitoring duration, dichotomized in less or more than 24 hours, accounted for 7.3% of the between-study heterogeneity with a trend toward higher rates with longer monitoring duration (3.2% versus 5.5%; P=0.16). AF length definition (undefined or shorter than 30 s versus longer or equal to 30 s) explained 5.1% of the heterogeneity between studies with a nonsignificant trend towards higher detection yield in studies defining AF for a duration of at least 30 s (3.5% versus 6.1%, P=0.13). Inclusion of TIA patients in the study population explained 29.4% of the between-study heterogeneity. The mean AF detection rate in studies including stroke patients was 1.6% compared to 5.2% in studies including stroke and TIA patients (P=0.01). Correction for inclusion of TIA patients in the study population did not alter the result that the AF detection rate is higher in patients with undefined stroke etiology compared to patients with small vessel stroke (P=0.004) and large vessel stroke (P=0.002).
Discussion
This meta-analysis demonstrates that the yield of AF detection with relatively short duration ambulatory cardiac monitoring is %2% to 2.5% in patients with small and large vessel disease strokes. In studies that did not define stroke etiology (a mixture of cryptogenic, small vessel, large vessel, and other stroke etiologies), the rate of AF detection was 9.3%, which is similar to previously documented rates of AF detection in cryptogenic stroke patients. 7, 8 Many observational studies and 2 randomized trials have been published on long-term cardiac monitoring of cryptogenic stroke patients with monitoring duration of 30 days and more. 7, 8 The results show a relationship between monitoring duration and the rate of AF identification. This relationship was most strikingly demonstrated in the Cryptogenic stroke and underlying AF (CRYSTAL AF) trial, in which a subgroup of patients underwent continuous cardiac monitoring for a period of 3 years. 8 Based on the findings on cardiac monitoring in cryptogenic stroke patients, long-term monitoring is recommended for patients with stroke of unknown etiology. In our meta-analysis of patients with stroke due to large or small vessel disease, the median duration of monitoring was only 24 hours and we did not identify any studies that reported on extended monitoring (>7 days) in this population. Due to this lack of data, no recommendation can be made on cardiac monitoring duration in this subgroup of patients. The etiologic and therapeutic implications of AF detection in patients with large or small vessel disease stroke are not firmly established. Especially in patients with large vessel disease as a potential cause of the ischemic stroke, qualifying AF as incidental versus pathological can be rather complicated. Although in some patients the detection of AF leads to a change in the presumed stroke etiology, in many others AF detection could be considered incidental and would therefore not lead to a change in the etiological classification. Furthermore, while all guidelines recommend anticoagulation over antiplatelet therapy in patients with AF and a history of stroke, the benefit of anticoagulation has never been directly demonstrated in patients with presumed small or large vessel disease stroke and a coinciding finding of paroxysmal AF on long-term ambulatory cardiac monitoring. It is possible that the relative benefit of anticoagulation is reduced in this population and could differ between patients with small versus large vessel disease. It is also possible that the baseline risk of recurrent stroke is lower in this population than would be expected based on the patients' risk scores (CHADS2 or CHA2DS2-VASc). This would translate into a decrease of the absolute benefit of anticoagulation even if the relative benefit were the same.
This study has several limitations. First, although this is the largest study of AF detection in patients with large and small vessel disease strokes, we could still have lacked power to detect a significant difference in AF detection rates between patients with small and large vessel disease strokes. Second, considerable heterogeneity between individual studies was revealed. An exploratory analysis failed to detect important variables explaining the heterogeneity in AF detection rates. "Study population" defined as inclusion/exclusion of TIA patients was the only significant factor in the meta-regression, explaining 29% of the between-study heterogeneity. However, the higher detection yield upon inclusion of TIA patients is unintuitive, and the difference in study population did not explain the obtained differences in AF detection yield between studies where stroke etiology was undefined compared to studies limited to large or small vessel stroke patients. Other variables that were either not assessed in the study populations or were too variable among studies to be included in the analysis (eg, type of monitoring device) may account for some of the unexplained heterogeneity. Third, since monitoring duration in most studies was relatively short, no suggestion on optimal monitoring duration can be derived from these data. For that reason, we were also not able to calculate the cost-effectiveness of long-term cardiac monitoring in patients with small or large vessel stroke.
In summary, the AF detection rate with long-term cardiac monitoring among patients with small and large vessel disease stroke is 2% to 2.5%. However, these data are based on only 9 studies, none of which used monitoring durations that exceeded 7 days. Compared to cryptogenic stroke populations, data on long-term cardiac monitoring are therefore very limited in patients with small and large vessel strokes and clinical trials are needed to determine the yield of AF detection with long-term monitoring in this population. These trials may also give some insight into the rate of stroke recurrence, the effect of anticoagulation on stroke recurrence among patients with presumed small or large vessel disease stroke who are diagnosed with AF, and the cost-effectiveness of long-term cardiac monitoring in this specific population.
